Context. The various mechanisms of magneto-convective energy transport determine the structure of sunspots and active regions. Aims. We characterise the appearance of light bridges and other fine-structure details and elaborate on their magneto-convective nature.
Introduction
Sunspots are the largest manifestation of magnetic fields in the solar photosphere and appear darker than the surrounding photosphere in which convective heat transport takes place in the form of granulation (Solanki 2003; Schlichenmaier 2009 ). The details of the heat transport within sunspots are still under debate. It is clear, however, that it is of convective origin: Deinzer (1965) concluded that convective transport of heat must take place even in the coolest parts of sunspots, since neither heat conduction nor radiative heat transport suffices to sustain the observed um-10 bral temperatures.
The appearance of sunspots is characterised by different modes of radiatively driven magneto-convection (cf. Rempel & Schlichenmaier 2011) : In sunspot penumbrae, magnetoconvection takes place in inclined magnetic fields, where it generates elongated bright and dark filaments (Borrero & Ichimoto 2011) . In the cooler umbra, the magnetic field is predominantly vertical and strong, suppressing vigorous convection. Schüssler & Vögler (2006) suggested that radiative losses drive small magneto-convective cells, which are observed as umbral dots 20 (Bharti et al. 2010) . In these cells, hot rising plumes cause the umbral dots to appear bright. The vertical magnetic field is diminished by (a) adiabatic expansion of the rising hot bubble and (b) diverging flows that advect the vertical field lines out of the cell. These new insights replaced older concepts, according to which convective columns of unmagnetised plasma intrude into the umbra and "punch their way up" (Parker 1979 ) to appear as field-free umbral dots in the photosphere. According to the numerical models, umbral dots are associated with upflows and have a central dark lane in intensity images. Rimmele & Marino 30 (2006) and Rimmele (2008) confirmed these characteristics with observations at high spatial resolution.
While it is generally accepted that umbral dots always occur in sunspots and it is only a matter of resolving them (e.g. Riethmüller et al. 2008; Kilcik et al. 2012; Watanabe 2014) , the phenomenon of light bridges is not seen in every spot. Sobotka (1997) reviewed the structure of light bridges and classified them depending on whether they separate the umbral core into strong and faint. Another criterion is their internal structure, which can be granular or filamentary. Light bridges can be associated with 40 chromospheric brightenings (Berger & Berdyugina 2003) . Jurčák et al. (2006) suggested that these brightenings are a result of vigorous magneto-convective motions in the deep layers of a light bridge. By those motions, magnetic field lines are advected along the light bridge, creating magnetic tension. This tension propagates into the chromosphere and is released there. This analysis, based on depth-dependent inversions of Stokes profiles, revealed that the magnetic field lines meet above the light bridge. The authors found evidence that the point of closure is deeper in the atmosphere for smaller light bridges. Lagg et al.
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(2014) found strong convective motions within a large granular light bridge and confirmed the topological picture proposed by Jurčák et al. (2006) .
Insights into the physical processes can be gained from the morphological intensity structure at very high spatial resolution. Berger & Berdyugina (2003) and Lites et al. (2004) observed filamentary light bridges with a central dark lane at an angular resolution of 0 . 12. Elongated granules were observed on both sides of this central lane, which were intercepted by dark lines perpendicular to the central dark lane. In this contribution, we study the 60 brightness morphology of light bridges at a resolution of some 0.08 , that is, at the smallest currently resolvable spatial scales. We present images with unprecedented resolution and elaborate on the morphological characteristics of light bridges, their dark lanes, and other fine-structure details.
Observation, data calibration, and reduction

Observations and preprocessing
We observed active regions, mostly sunspots and pores, with the broad-band imager (BBI, von der Lühe et al. 2012 ) of the 1.5 m GREGOR telescope Soltau et al. 2012) at 70 the Observatorio del Teide in Tenerife, Spain. The observations presented in this publication were carried out during the early-science phase in May and June 2013. Table 1 presents the AR numbers, heliographic positions, and the dates and times of these observations.
We used both imaging channels of the BBI and observed the continuum restricted to spectral bands at 430 nm (FWHM 8 nm), 486 nm (FWHM 4 nm) and/or 589 nm (FWHM 19 nm) using interference filters. Here we present data taken on 31 May 2013 with a PCO 4000 camera with 4008 by 2672 pixels at 589 nm 80 with 0 . 030/px. All other presented data sets were taken with a PCO 4000 at 486 nm with 0 . 030/px. Seeing and static aberrations were partially compensated for by the GREGOR adaptive optices system (GAOS, Berkefeld et al. 2012) . We simultaneously acquired bursts of images with an exposure of 1 ms, which is short enough to freeze the smearing effects of the seeing. To achieve a high frame rate, the detector was read out in parallel by two analog digital unit converters. A burst of 100 frames could be collected within 20 seconds and stored in camera local memory with the PCO 4000, which is just short enough for sampling 90 the time evolution in the photosphere at small scales. Acquisition, conversion, transfer to the control computer and writing to hard disc of a burst takes altogether 90 seconds, setting the time resolution limit for studying dynamic phenomena on the Sun.
The images were prepared for speckle image reconstruction using a data pipeline implemented in IDL. First the image burst is corrected for dark current and gain table. Flatfield data are regularly acquired by pointing the telescope rapidly along a circular path around the solar disc centre with an adjustable radius such as to avoid sunspots and active regions. The two-channel readout 100 of the camera introduces a mismatch of mean intensities between the two sensor halves that is not fully removed by the flatfielding procedure. We calculate the spatial means over the respective areas of the flat-field corrected images to appropriately scale the sensor halves. Residual flat-field artefacts are produced by dust in the beam close to a focal plane and by the slowly evolving misalignment of the cameras. The procedure for their removal was described in detail by von der Lühe (1993). After dark and flatfield correction, we retain the best images of the burst (typically 80%) based on intensity contrast. This procedure discards 110 images that are blurred due to poor seeing in conjunction with loss of lock of the AO compensation.
Image reconstruction, resolution, and photometric fidelity
We analysed a data set taken on 31 May 2013 at 12:35 UT to investigate the performance of the telescope, instruments, and data analysis procedures. This set consists of a 100 frame burst, which was taken within 20 seconds. We selected a region of 2048 by 2048 pixels, corresponding to about 1 x 1 arcmin and centred on a small sunspot for further analysis. Speckle imaging requires 120 dissection of the field of view into overlapping subfields to account for anisoplanatism (von der Lühe 1993). We divided the burst into 15 x 15 sub-fields with a side length of 7 . 7, overlapping by 50% of their width in either direction. Each sub-field was individually reconstructed, and the results were reassembled to yield the image in Fig 1. Each subfield reconstruction comprises Fourier amplitude estimation using the Labeyrie (Labeyrie 1970) and spectral ratio (von der Lühe 1983) methods and Fourier phase estimation using the Knox-Thompson (Mikurda & von der Lühe 2006) and triple correlation (Wöger & von der Lühe 130 2008) algorithms. The wavefront sensor of GAOS uses a 12 field centred on the sunspot as the lock point for compensation. The compensation deteriorates somewhat with increasing field angle from the lock point, leading to a variation of the generalised Fried parameter ρ 0 (Cagigal & Canales 2000) , Fig. 2 . In principle, speckle imaging recovers Fourier amplitudes of the solar structure up to the diffraction limit, with the effects of seeing and the mod- ulation transfer function of the telescope removed. In practice, the achieved resolution depends on the signal-to-noise ratio of the reconstructed Fourier amplitude, which in turn depends on ρ 0 and on the amount of small-scale structure present in the reconstructed scene. A good measure of the actually achieved spatial resolution is the noise filter, which is constructed from the uncompensated Fourier amplitudes and the noise spectrum (see von der Lühe 1993), Fig. 3 , and represents the transfer function of the overall reconstruction process. Ideally, this function would be unity up to the diffraction limit and vanish beyond. In practice, noise filters decrease to zero somewhere between 50% and 90% of the diffraction limit. The Fourier transform of the 150 noise filter therefore represents the effective point spread function of the reconstruction process. Each subfield reconstruction uses an individual noise filter, depending on the distance from the lock point and the complexity of the scene. A matrix of reconstruction point spread functions across the full field is shown in Fig. 4 . Cross sections of a best and worst case are compared with the reconstruction-limited PSF (Fourier transform of a filled circle with the radius of the diffraction limit) and the diffractionlimited PSF of the telescope (including central obstruction) and are shown in Fig. 5 . The PSF at the lock point close to the centre 160 of the field is indistinguishable from a diffraction-limited PSF and has a FWHM of 0.08 arcsec, while the only slightly broader worst-case PSF has a FWHM of 0 . 1.
It is remarkable to observe that although the compensation by GAOS varies significantly across the field, the PSFs of the reconstruction process do not. The performance of the reconstruction depends mostly on the small-scale structure content of the scene for the degree of compensation achieved here. Many PSFs are elongated, which is partially caused by anisotropy of the ob- served scene, but may also be caused by anisotropic statistics of 170 partially compensated seeing or by instrumental effects. demonstrated by comparison with observations from space that speckle imaging provides reconstructed images with high photometric fidelity. We compared image reconstructions from two bursts that are taken almost simultaneously in both imaging channels with broad-band filters at 486 and 430 nm. We verified that all the small-scale structure in both images is morphologically identical. If any of the small-scale structure were due to reconstruction artefacts, they would only be seen in one of the images. For all observed features that we 180 discuss in this paper, we checked that they are visible in both image channels. We only show the image with the better quality.
Results and discussion
The main focus of this work is to study the morphology of the fine structure as imprints of magneto-convective processes. We selected some of the best images, zoomed into the pore or spot region and enhanced the contrast in dark regions by unsharp masking. We display these in Figs. 6, 7, 8, 9 , and 10. As demonstrated in the previous section, these images have a spatial resolution of up to 0 . 08. The most prominent umbral and pore fea-190 tures seen in these images are umbral dots, light bridges, and dark lanes. Dark lanes are found to be ubiquitous within um- bral and penumbral brightenings of all types. Dark lanes are seen along and perpendicular to light bridges in the various types of light bridges.
Evolutionary perspective
All four sunspots are relatively small; their umbrae show a wealth of fine structure. They exhibit various types of light • . This small spot is isolated with no flare history. SDO/HMI continuum images 1 show that GREGOR observed it in its decaying phase of a roundish stable sunspot that rotated in on the eastern limb on 24 May and disappeared on 3 June, leaving only some plage regions.
(ii) Figure 7 : NOAA 11765 on 9 June 2013 at 09:22 UT, located at θ = 26
• . The observed sunspot is relatively small, but 210 is the largest spot in the trailing polarity of the AR that emerged on the disc on 5 June and disappeared on 12 June 2013. The spot was observed during its decaying phase when it was loosing part of its penumbra, and after a pore merged some 9 hours earlier. The spot changed its appearance significantly on a timescale of half a day. The merging pore created the upper umbral core.
(iii) Figures 8 and 9: Two spots of opposite polarity in NOAA 11768 on 14 June 2013 at 08:26 UT and 09:26 UT, respectively. The following spot is at θ = 37
• , the preceding at 41
• . This active region emerged on 11 June at the meridian. A first sunspot 220 formed on 12 June; this almost completely decayed by 13 June. The pores observed on 13 June, shown in Fig. 10 , are remnants of that spot. New flux emergence in the night of 13/14 June led to the formation of two larger sunspots of opposite polarity (cf. Figs. 8 and 9 ). The sunspots showed intense activity until they rotated off the western limb on 16 June.
Article number, page 5 of 11 A&A proofs: manuscript no. AA_2016_28561 Fig. 9 . Unsharp masked image of the preceding spot in NOAA 11768 taken on 14 June 2013 at 09:23 UT at 486 nm. Tick mark units in arcsec. The large arrow marks the direction to disc centre. The small arrows indicate the three light bridges referred to in the text. The white box corresponds to the field of view in Fig. 11 
Dark lanes and dark lane branching
Dark lanes, or, as first described by Scharmer et al. (2002) , 'canals', are a common feature in our images. In Fig. 10 a central dark lane extends along the light bridge of the middle pore. At 230 coordinate (15 , 12 ) it exhibits a junction or branch. Dark lanes and junctions of dark lanes are also prominently visible in the light bridges in Fig. 6 . The light bridge in the mid-umbra (Fig. 6 ) has a similar width as the light bridge in the pore (Fig. 10) . The light bridge in the lower left umbra (8 , 6 ) of Fig. 6 is more extended (≈ 2 ). Independently of the size of the light bridge, however, dark lanes show a characteristic width of 0 . 1 or smaller. Central dark lanes in most cases have branches.
Central dark lanes and their branches: Central dark lanes are also visible along the two light bridges in Fig. 7 . Lateral to the 240 central dark lanes, dark and bright filaments are visible along the light bridge. Scharmer et al. (2002) called them hairs, and Lites et al. (2004) ascribed their triangular structure to the projection effects of elevated light bridges when (i) observed at large heliocentric angles and (ii) viewed along the light bridge. The spot in Fig. 7 is at θ = 26
• . Viewed in a spot close to disk centre (Fig. 6) , the branches have higher contrast and are more perpendicular to the central dark lane. This indicates that the perpendicular branches in Fig. 6 and the triangular hairs in Fig. 7 are due to the same magneto-convective process, but viewed at different 250 viewing angles. Extending the finding of Lites et al., the following picture arises: a light bridge has the shape of a prism with the central dark lane located at its upper ridge. The lateral slopes on both sides consist of dark and bright hairs or lanes. The sides of the prism are warped such that the bright lanes are elevated with respect to the dark lanes. As a consequence, the magnetic and flow fields differ between central dark lanes and dark lane branches of light bridges. The central dark lanes would be due to increased density above the upflow as a result of piled-up matter (Schüssler & Vögler 2006) , while the lateral bright and dark 260 lanes could correspond to hot upflow and cold downflow areas, respectively. The triangular shape is most likely produced by the expanding magnetic field of the umbra that is wrapped around the light bridge (cf. Jurčák et al. 2006) . Such a filamentary light bridge is sketched in the left panel of Fig. 13 and further discussed in Sect. 3.3.
In Fig. 6 the dark lanes are fairly central relative to the corresponding light bridge, with the spot being close to disc centre, θ = 9
• . In Fig 9 , a central dark lane is visible at (18 , 24 ), for example, with the spot located at θ = 41
• . The direction 270 to Sun centre is given by the white arrow. Here, the dark lane does not split the light bridge symmetrically, but is shifted towards the limb, such that the limb side of the light bridge is almost invisible. This indicates as above (Lites et al. 2004 ) that the light bridge is elevated with respect to the surrounding umbra because then the central dark lane is shifted towards the limb when viewed at large heliocentric angles.
Y-shaped dark lanes: Dark-cored bright penumbral filaments as discovered by Scharmer et al. (2002) are prominently visible in the spots of Figs. 6 and 7. Very often, these dark lanes 280 show a Y shape with a separated brightening at the umbral end of the filament, for instance at (13 , 7 ) in Fig. 6 . This shows that penumbral grains split (detach) from the filament. Interestingly, a similar feature is also visible in the thick light bridge at (9 , 7 ) in Fig. 6 : a Y-shaped dark lane with a brightening towards the umbra (upper right end). In contrast to branches of the central dark lane, this Y lane is unconnected to the central dark lane. The commonality with penumbral filaments could indicate that they are embedded in a highly inclined magnetic field similarly to penumbral filaments. This leads to the hypothesis that 290 the thick light bridge is wrapped in an inclined magnetic field, such that convective instabilities can trigger the formation of filaments, as is known to occur in penumbrae. This filament formation could be described in terms of a rising flux tube (Schlichenmaier et al. 1998) or as an elongated magneto-convective cell (Rempel 2012) . Another Y-shaped dark lane is discernible at the pore boundary in Fig.10 at (16 . 5, 11 ), testifying that inclined fields also prevail at the pore boundary. Obviously, spectropolarimetric measurements are needed to test the first hypothesis.
A time series of six close-ups of a light bridge from Fig. 9 is 300 shown in Fig. 11 . As in Fig. 6 , a Y-shaped dark lane is visible. In the middle upper panel one Y-shaped dark lane is marked with a red circle. In the previous image (upper left panel) the dark lane has a V shape. During the subsequent 5 minutes, the V shape evolves into a Y shape and then into a simple linear shape with a bright point at the umbral end. This bright point becomes dimmer and drifts into the umbra and dissolves (not shown). In other words: a triangular granule forms within the outskirts of a thick light bridge, is squeezed towards the umbra, gradually looses its brightness, and disappears. Similar events are also present in the 310 same series of images. We also observe a number of very similar events in another light bridge of the same spot and in a two-hour time series that we acquired of the spot in Fig. 7 . Therefore, these events are typical of light bridges. In animations, these events resemble a growing campfire flame that separates from the fire and fades away in the darkness. In the context of Fig. 11 , we note that a dark lane forms during the displayed time span and is well developed in the last frame at (1 . 5, 1 . 5). This demonstrates that the fine structure evolves on timescales of minutes.
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Striations: We note that there is another type of dark lane at the border of granules: Striations (Keller et al. 2004; Spruit et al. 2010; Carlsson et al. 2004) , which are bright and dark stripes that start at the granule boundary and reach into the inner granule. Examples are shown in Fig. 10 (marked with black arrows) at (19 , 0.5 ) and at (16 , 15 ) . These striations are also visible in granules adjacent to the pores in Fig. 10 , although it is difficult to differentiate between striations and dark cored filaments that seem to form at the boundary of these pores. Striations were also observed along penumbral filaments (Ichimoto et al. 2007; 330 Zakharov et al. 2008; Spruit et al. 2010) as in Fig. 6 at (12 , 7 ) . In all three cases their existence is ascribed to an inclined magnetic field that is wrapped around the granule or filament. Spruit et al. (2010) proposed that the interface layer between magnetic and convective plasma is unstable to the fluting instability. The corrugated surface modulates the opacity and the cooling rate, causing striations. Bharti et al. (2012) compared observations with magnetohydrodynamics (MHD) simulations of a penumbral region to show that these dynamic striations are associated with the swaying motion of propagating kink waves. of magnetic flux, they may appear as thin dark lanes with a width of some 0 . 1 and with high contrast, for example at (24 , 9 ) in Fig. 10 (see also Sect. 6.2.6 of Waldmann 2011). In terms of contrast and width, they are very similar to the central dark lanes in light bridges, but obviously not caused by a density enhancement above upflows, but associated with intergranular downdrafts. Such intergranular dark lanes tend to occur next to striations or facular brightenings, indicating that they harbour a 350 strong magnetic field that fans out with height (cf. previous paragraph and Spruit et al. 2010 ).
New type of light bridge
Light bridges with a central dark lane and branches of dark lanes or hairs are called filamentary light bridges. They have a width of some 1 . The light bridge in the middle of Fig. 6 , the two light bridges in Fig. 7 , the light bridge in the pore of Fig. 10 , and those discussed by Lites et al. (2004) fall into this category. This type is sketched in the left panel of Fig. 13 . It also shows a projected 3D view in which the bright transversal hairs are elevated relative to 360 the dark transversal hairs. Light bridges such as those in Figs. 11 and 6 at (9 , 7 ) cannot be classified as granular or filamentary, meaning that they do not fit the classification scheme of Sobotka (1997) . They are too thick to be called filamentary and do not resemble granulation. These light bridges are characterised by Y-shaped dark lanes with bright heads that are directed toward the umbra. They also have a central dark lane, but it is not shifted towards the limb when viewed at large heliocentric angles. The dark lanes are surrounded by large areas (∅ > 0.5 ) of diffuse unstructured 370 brightness. In total, their width exceeds ≈ 2 . This new type is sketched in the right panel of Fig. 13 : the Y-shaped transverse dark lanes are unconnected to the central dark lane.
In the spot of Fig. 9 three small arrow mark a thick light bridge at (11 , 28 ), and two filamentary light bridges at (18 , 24 ) and (30 , 2 . 5). The filamentary light bridge is thought to have the shape of a prism with steep slopes towards the umbra, which can be explained by the projection effect. Although the thick light bridge has a similar orientation, the shift of the dark lane towards the limb is not observed. This indicates that 380 the thick light bridge has a flat plateau. Because the disc centre side of the thick light bridge is more pronounced than the limb side, the plateau is probably elevated relative to the surrounding umbra. The light bridge plateau is a result of hot magnetoconvective upflows. These bring up plasma with weak magnetic fields into the photosphere. The umbral magnetic field is wrapped around this intrusion of hot plasma and forms a canopy. At the boundary between umbra and light bridge, the field is inclined and an instability similar to the penumbra can cause the formation of filaments, leading to the Y-shaped dark lanes. 
Intensity levels of light bridges
So far, we focused on the morphological aspect of light bridges. Now we elaborate on the intensity levels that are produced by umbral magneto-convection. In this respect, the spot in Fig. 7 is very interesting. It has two prominent light bridges, but it also shows a faint light bridge, which is located beneath the upper light bridge in the figure. We show an unsharp masked and intensity-clipped image of this faint light bridge in the upper left panel of Fig. 12 . Bright features are visible that resemble umbral dots. Remarkably, these diffuse brightenings seem 400 to outline a dark lane and are connected by that dark lane, or in other words, we observe a faint filamentary light bridge. It has the same morphological properties as the bright light bridge above, but at much lower intensity. The intensity cut through the faint light bridge (lower left panel) from the upper left white cross to the lower right white cross in the image reveals that the brightest regions in this faint light bridge amounts to some 62%, normalised to the surrounding quiet Sun. The light bridge shown in the upper right panel is much brighter, and its brightest point (1.05) is even brighter than the averaged quiet Sun.
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The width of the central dark lane in the faint light bridge (marked by the red bar) is only 2 pixels, that is, 0 . 06. The width of the dark lane in the bright light bridge is not much wider, however, it corresponds to about 3 pixels, or to less than 0 . 1.
The dark lane of the faint light bridge appears only in the presence of bright surrounding emission, and in some sections bright features are missing that would presumably outline the dark lane. Despite these gaps, the dark lane of the faint light bridge seems to be an entity over a length of more than 3 . In the time series of the faint light bridge with varying seeing it is 420 present in consecutive images, supporting the statement that it is stable and extended. The associated bright features evolve on a granular timescale. Hence, in this case adjacent umbral dots are found to be connected by a dark lane. We note similarities with numerical simulation of umbral magneto-convection by Schüssler & Vögler (2006) : the time evolution in Fig. 5 of their paper shows two adjacent faint umbral dot flow systems in the continuum images of the last three columns. Although not visible in their images, their umbral dot flow systems might be connected in the same manner as we observe it in our faint light 430 bridge.
Umbral magneto-convection
The umbra exhibits a variety of morphological structures at different intensity levels. Umbral intensity on spatial averages of a few arcsec varies significantly, which is a remarkable difference to penumbrae. In the penumbra the spatial average of the transported heat always amounts to some 75% of the quiet-Sun heat flux. This is due to a distinct difference between the umbra and the penumbra: In the penumbra the magneto-convection acts in the presence of inclined (mostly horizontal) magnetic field lines, 440 meaning that there is one preferred lateral direction. Overturning motions manifest themselves as flows along an arch of magnetic field lines and perpendicular to the field direction by advection of magnetic field lines. In the umbra, the magnetic field is predominantly vertical, no lateral direction is preferred. Here the local strength of convection depends on the magnetic tension of the field, or in other words, on the magnetic field strength. This strength may vary throughout the umbra depending on evolutionary details. Although it suppresses convection, the magnetic field in the umbra does not define a preferred direction as in the 450 penumbra, that is, the overturning convective motions in the umbra have two lateral degrees of freedom, while they have only one degree in the penumbra. This may provide a general explanation for the more highly divers structure in the umbra.
Narrow penumbral filaments
Penumbral filaments in the middle penumbra are sometimes are very long and narrow. In Fig. 6 from (4 , 9 ) to (7 , 9 ) narrow filaments are visible, each with a width clearly smaller than 0 . 1, with a wavy intensity structure along their total length of some 2 . These filaments appear distinct from dark-cored bright 460 filaments that are visible in the inner penumbra.
Summary
We presented speckle-reconstructed images taken with the broad-band imager (BBI) at the 1.5 m telescope GREGOR. Evaluating the characteristics of the noise, we demonstrated that the best reconstructions achieve a spatial resolution of 0 . 08 at 589 nm, corresponding to 60 km on the Sun.
We elaborated on the fine structure in various active regions. We observed distinct features down to the resolution limit as well Fig. 14 c,e , and f), (iii) dark lanes in umbral and penumbral filaments with Y shapes (Fig. 14 d and e) , (iv) dark lanes as striations at the boundary of granules (Fig. 14 b) , and (v) narrow intergranular dark lanes (Fig. 14 a) . All of these dark lanes have a width of 0 . 1 or less, and they are ubiquitous in high-resolution images of active regions. We discussed their appearance in the context of magneto-convective processes: central dark lanes and 480 filamentary dark lanes might be caused by density enhancements above upflows (cf. Schüssler & Vögler 2006) , branches of central dark lanes and narrow intergranular lanes might be associated with downflows, and dark lanes in striations were proposed to be caused by opacity effects that result from a fluting instability along a magnetic boundary layer (Spruit et al. 2010; Keller et al. 2004; Carlsson et al. 2004) .
In a filamentary thin light bridge the elevated central dark lane has dark lane branches that fall off toward the umbral background and appear tilted when viewed along the light bridge at 490 large heliocentric angles. In thick light bridges, a central dark lane and branches also exist, but the branches are unconnected and are Y-shaped with a detached bright grain towards the umbra. The Y-shaped dark lanes in light bridges look very similar to dark-cored penumbral filaments intruding into the umbra. Their inner brightening is separated by a Y-shaped dark lane. They evolve on timescales of minutes. The inner bright grain moves towards the umbra and fades away. We ascribed the similarity in their nature to penumbral filaments to the inclined fields that are wrapped around the light bridges.
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Light bridges occur on different intensity levels. We observed one faint light bridge with a maximum intensity of 60% of the quiet-Sun average. It also featured a dark lane: The dark lane is outlined by adjacent bright features. It has gaps, but appears as an entity over a length of more than 3 .
The umbral fine structure is diverse. It is more diverse in brightness than in the penumbra. We ascribe this difference to the strongly inclined magnetic field in the penumbra. This causes it to show a preferred lateral direction. In the vertical magnetic field of the umbra, overturning convection can occur in both lat-510 eral directions. Here the mode and effectivity of the convective heat transport depends on the strength of the magnetic field, which varies throughout the umbra. Hence various modes of magneto-convection create a broad diversity of umbral structures. We recall that convective heat transport is required to explain the observed brightness of the umbra and that magnetoconvective signatures are expected to be ubiquitous in the umbra, even in the darkest umbral regions. It will be interesting to investigate whether dark lanes are also present in the faintest umbral features.
520
We discussed the observed active region fine structure in terms of magneto-convective processes, but spectro-polarimetric measurements are clearly needed at a spatial resolution better than 0 . 1 to infer the velocity and magnetic fields. These are then to be compared with theoretical models and considerations.
